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Operational Design Domain (ODD) Approach
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• Industry proposed approach aims to:

• Map applicable Functional Requirements based on the Manufacturer ODD description 

• Generate scenario to assess the AV performance against relevant requirements

• Derive measurable and verifiable criteria, assumptions and KPIs for scenario testing

• The approach does not focus on prescriptive criteria, however concentrate on how to implement 
existing tools / best practices well-known by OEMs

• What are the fundamentals of the ODD-based framework approach … 



Scenario and ODD
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• Scenarios are real-world traffic situations that ‘exercise and challenge’ the capabilities of an AV to 
operate safely

• Different types of scenarios can be used to assess the AV capabilities: 

• Nominal Scenarios – reasonably foreseeable situations for a given domain 

• Critical Scenarios – traffic scenarios edge-cases, or scenes engineered to spot functional insufficiencies

• Failure Scenarios – system or sub-system E/E failures

• Operational Design Domain (ODD) refers to the AV operating environment (i.e. environmental 
conditions, scenery and dynamic elements, …) 

• A scenario-based approach for certification requires an understanding of what scenario are 
applicable given the specific ODD



• What is the source of scenario?

• Data-based (Nominal and Critical Scenario)

• Knowledge-based (Critical and Failure Scenario) 

Scenario Generation 
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Nominal Scenario

• Nominal scenarios and requirements can be derived from the ODD and the expected 
behaviour competency (analysis of Highway code and AV functional requirements)

• The baseline ODDs is used to identify objects and events that could be encountered 

• Based on the objects and events identified it is possible to map the appropriate AV response

• Test parameters and assumptions are based on real-world data (e.g., real driving behaviour)

• The AV is expected to avoid a collision in these “nominal situations”

Perform analysis to identify 
the characteristics of the ODD 

Perform driving scenario analysis 
• Expected hazards
• Unspecified events
• Key infrastructure elements

Perform analysis to identify 
OEDR behaviors and 
corresponding responses.

ODD Analysis OEDR AnalysisDriving Scenarios Analysis
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• Derived from Nominal Scenario by applying tight 
assumptions (e.g., higher decel profile, cut-in…) 

• Engineered based on the application of formal 
techniques (e.g., STPA, FMEA, FTA, …) 

• These scenario aim to explore the envelope of AV 
performance (preventability vs unpreventability)

• The AV is not expected to avoid a collision in all 
possible situations, but performance are 
compared to safety models Mcity - Data collection, model fitting and test case generations 

Critical Scenario
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Failure Scenario

• Failure scenarios are engineered (e.g., FMEA, STPA, …)

• Identify potential failures (e.g., sensing and comms, perception, navigation and control, …)
• Identify potential causes and effects of those failure modes 
• Prioritize the failure modes based upon risk 
• Identify an appropriate corrective action or mitigation strategy

• After completing the FMEA for the AV architecture, the various failure modes and effects can 
be summarized and mapped to the relevant tactical maneuver and OEDR behaviors

• These scenario aim to assess the AV ability to detect and respond to system malfunctions

• Functional requirements are defined by Regulators 



ODD Framework - Process Flowchart
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Summary
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• The AV certification consists of a scenario-based assessment

• The manufacturer ODD description will support determination of applicable requirements and 
scenario generation

• The approach concentrate on how to implement existing tools without prescribing one

• In Nominal scenarios the AV is expected to avoid collisions

• In Critical scenario, the performance threshold is compared to safety models

• In Failure scenario the AV is expected to detect and respond to system failures according to applicable UN 
requirements

• Measurable criteria / use of specific tools may be harmonised with more real-world experience
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Thank you for your attention!



ODD Framework – Use of Existing Tools
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Example of Nominal Scenario
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Example of Critical Scenario
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Example of Failure Scenario
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Useful Links
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• ADS Safety Requirements, UNECE

• A Framework for Automated Driving System Testable Cases and Scenarios, NHTSA

• Mapping Requirements for Nominal Lane Keeping Scenario, OICA/CLEPA, UNECE 

• New Assessment and Test Methods (NATM) for AVs, UNECE

• Safety Models for AVs, UNECE 

• A Testing Method for Highly Automated Vehicles, Mcity

https://unece.org/sites/default/files/2022-05/GRVA-13-36e.pdf
https://www.nhtsa.gov/sites/nhtsa.gov/files/documents/13882-automateddrivingsystems_092618_v1a_tag.pdf
https://wiki.unece.org/download/attachments/155975884/FRAV-25-11.xlsx?api=v2
https://unece.org/sites/default/files/2022-04/ECE-TRANS-WP.29-2022-57.pdf
https://wiki.unece.org/download/attachments/172851301/FRAV-29-08.pdf?api=v2
https://mcity.umich.edu/wp-content/uploads/2020/04/mcity-whitepaper-conducting-ABC-test.pdf

